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(54) Crystalline thin film and process for production thereof, element employing crystalline thin 
film, circuit employing element, and device employing element or circuit 



(57) A process for producing a crystalline thin film is 
provided which comprises melting and resolidifying a 
starting thin film having regions different in the state co- 
existing continuously. A small region of the starting thin 
film has a size distribution of number concentration of 



crystal grains or crystalline clusters different from that 
of the surrounding region. In the process of melting and 
resolidification, the crystal grain grows preferentially in 
the one region to control the location of the crystal grain 
in the crystalline thin film. 
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Description 

BACKGROUND OF THE INVENTION 
5 Field of the Invention 

[0001] The present invention relates to a crystalline thin film and a process for production thereof, an element em- 
ploying the crystalline thin film, a circuit employing the element, and a device employing the element or the circuit, 
which are useful for large-scale integrated circuits requiring high spatial uniformity such as flat panel displays, image 
10 sensors, magnetic recording devices, and information/signal processors. 

Related Background Art 

[0002] Flat panel displays such as liquid crystal displays have been improved in fineness, display speed, and gra- 
*5 dation of image display by monolithic implementation of an image driving circuit to the panel. The simple matrix-driven 
panels have been replaced with active matrix-driven panels having a switching transistor for each of pixels. At present, 
ultra-fine full-color liquid crystal displays are provided to be suitable for moving pictures by implementing a shift resistor 
circuit on the periphery of the same panel for driving the active matrix. 

[0003] The monolithic implementation including the peripheral driving circuit can be produced at a practical production 

20 cost mainly owing to development of the technique for forming a polycrystal silicon thin film having excellent electrical 
performance on an inexpensive glass substrate: the technique in which amorphous silicon thin film deposited on a 
glass substrate is melted and resolidified by a short-time pulse projection of light of ultraviolet region such as an excimer 
laser by keeping the glass substrate at a low temperature. The crystal grain obtained by melting-resolidification has a 
low defect density in the grain in comparison with crystal grains obtained from the same amorphous silicon thin film 

25 by solid-phase crystallization into a polycrystalline thin film. Thereby, the thin film transistor constituted by using this 
thin film as the active region exhibits a high carrier mobility. Therefore, even with the polycrystalline thin film having an 
average grain size up to a submicron, an active matrix-driven monolithic circuit can be produced which exhibits sufficient 
performance in a liquid display having a fineness of 100 ppi or lower in diagonal display size of several inches. 
[0004] However, it has become clear that the current thin film transistor employing the polycrystalline silicon thin film 

30 produced by melting-resolidification is still insufficient in performance for a liquid-crystal display of the next generation 
having a larger screen or a higher fineness. Furthermore, the aforementioned polycrystalline silicon thin film is insuf- 
ficient in the performance as the driving circuit element in promising future application fields of plasma displays and 
electroluminescence displays driven at a higher voltage or larger electric current than the liquid crystal display, or in 
the application fields of a medical large-screen X-ray image sensor. The polycrystalline silicon thin film, which has 

35 average grain size up to submicron, cannot give a high-performance element even with the low defect density in the 
grain, because of many grain boundaries which hinder charge transfer in the active region of the element having a size 
of about a micron. 

[0005] For decreasing the grain boundary density, it is very effective to enlarge the average crystal grain size which 
is inversely proportional to the grain boundary density. Also, in short-time melting-resolidification of the amorphous 

40 silicon thin film, several methods are disclosed to enlarge the average grain size up to a micron or larger. However, by 
the disclosed methods, while the average grain size is enlarged, the grain size distribution is broadened [e.g., J.S.Im, 
H.J.Kim, M.O.Thompson, Appl.Phys, Lett. 63, 1969 (1993); H.Kuriyama, T.Honda, S.lshida, TKuwahara, S.Noguchi, 
S.Kiyama, S.Tsuda, and S.Nakano, Jpn.Appl.Phys. 32, 6190 (1993)]; the spatial location of the grain boundaries is not 
controlled [e.g., T.Sameshima, Jpn.J.Appl.Phys. 32, L1485 (1993); HJ.Kim and J.S.Im, Appl.Phys.Lett. 68, 1513 

45 (1 996)], thereby the increase of the average grain size will increase variation of the grain boundary density among the 
active regions of the element to result in increase of variation of element performance. Otherwise, the method itself is 
extremely tricky to be not suitable for practical production [e.g., D.H.Choi, K.Shimizu, O.Sugiura, and M.Matsumura, 
Jpn.J.Appl.Phys. 31, 4545 (1992); and HJ.Song, and J.S.Im, Appl.Phys.Lett. 68, 3165 (1996)}. 
[0006] Regarding these problems, no idea is given for solving the latter problem, but a methodology has been de- 

50 veloped for solving the former problem, in which the location of the grain boundaries and grain size distribution are 
controlled by controlling the location of formation of crystal grains. This is demonstrated in chemical vapor deposition 
of polycrystalline thin films and solid-phase crystallization of thin films (see e.g., H.Kumomi and T.Yonehara, Jpn.J. 
Appl.Phys. 36, 1383 (1997); and H.Kumomi and F.G.Shi, "Handbook of Thin Films Materials", volume 1, chapter 6, 
"Fundamentals for the formation and structure control of thin films: Nucleation, Growth, Solid-State Transformations" 

55 edited by H.S.Nalwa (Academic Press, New York, 2001)). 

[0007] Several attempts are reported to realize the above idea in formation of crystalline thin film by melting-reso- 
lidification. Noguchi [Japanese Patent Application Laid-Open No. 5-102035], and Ikeda [T.Noguchi and Y.lkeda: Proc. 
Sony Research Forum, 200 (Sony Corp., Tokyo, 1993)], in melting-resolidification of amorphous silicon thin film by 
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R.B.Bergmann, and B.Richards, Appl.Phyt Lett 69 ^19 98/ *°\ 887 ( J 996 >: D Toet - B-Koopmans, P.V.Santos, 
P.V.Santos, M .Arbrecht, and J.KnnTe, Thin So"d F l mr 2 ^ 

onto an amorphous silicon thin film to cause melting and resoiii 22 " P 7 ^ laser bean focused to about 1 um 
[0008] However in the above methnri* m= „ . , resol,dl,,catlon only in the irradiated regions, 
sitions' of the ^nt^^S ? ^ ^ C ^*«"*™ - random po- 

regions. 9 no the number of the crystal gram formed in the regions varied greatly among the 

[0009J Ishihara and Wilt [R.lshihara and PCh vender Wilt 1 innlD u 

R.lshihara, Phys.Stat Sol. (A)166, 619 (1998» 'eport a ll 'I, PP * ? ' L16 (1 " 8); and PChvan der Wilt and 

film by excimer-.aser annealing on a rtJJSKJ ' J2£1Z 7 t,n9 - reso,idificat,on * a " amorphous silicon thin 
anoxidefilmisdeposltedonasTnglecrystaLe^S an oxide laver < in w hich method 

Thereby, the underlying oxide .aver is madTth^ 

from the thinner portion of the molten silicon Z to ^ tSf subs Sl to - ^ *"* * trans,e " ad ™re rapid V 
is inrtiated preferentially from the hillock porti^to cause arol If 7! """"^ Ther6f ° re ' the solidification 
sibility of growing a single crystal grain on the hil ocks bv SUta * °* 9ra,n " ' Shihara * 3 ' mention the P° s " 
film thickness. However, the possibility has not been confirm P r °J e « ad a ' aa of the hillocks and the oxide 

small. Moreover this method employs a highly hem-conduc t ° PtimUm COndi,ions is very 

employing a glass substrate. Furthermore ? the fS worWno o^Tf^T^ and '* n0t app " Cab,e to a meth ° d 
film over a large area is not easy and is not P racJica^ SUbStr3te a " d the flattenin 9 of tha °*ide 

film, since the thin crystalline tt.m formed by ttnS^S^ETS 7 T™'" 9 Pr ° perties of the thin 
grain in comparison with the films prepared by T^ZT^Z ^l 3 '° W h ,he ^ 

be controlled. The present invention intends to orov Z Z ? 6 ,0Cat ' 0n ° f tne c, * stal 9 rains ca " P^ely 

be precisely controlled. The present ^^J^^^^^T 7 * ^ 9rains ca " 

to provide a device by employing the thin film P * 8 h, 9 h -P erfo ™ance element and circuit, and 



SUMMARY OF THE INVENTION 



tinuousty. In particular, in the process for J^ 8 ?^K„ fil,T 7T 'T "* 0ther C ° 6Xistin 9 con ' 
state different from a surrounding region and a 'pracrS ' « ' * e , Startm 9 ,hin film haa a small region in a 
in the small region. preserved number of crystal grains or crystalline clusters are grown 

01 numb., eoncanwton », w gr ; ins „, ^1^.1 T ? *""»*« »V a*. ««trt«lon 

^ . «, ,„ m . ,„ this mes,< """ m< * ,inB ma 

P** The „o re ™„„on ea , hM „ lm . an ,„,„ ^ ^ ^ ^ ^ 
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are characterized by the height of free-energy barriers to nucleation of crystallite in solid-phase crystallization before 
the maximum melting moment in the melting and resolidification of the starting thin film, and in particular, the height of 
free-energy barriers to nucleation of crystallite is controlled by any of an element composition ratio, a contained impurity 
concentration, a surface adsorbate, and a state of the interface between the starting thin film and the substrate. 

5 [0020] In the process for producing a crystalline thin film of the present invention, the state different between the 
regions is characterized by a height of free-energy barrier to nucleation of crystallite in solidification from a molten 
phase, and in particular, the height of free-energy barriers to nucleation of crystallite is controlled by any of an element 
composition ratio, a contained impurity concentration, a surface adsorbate, and a state of the interface between the 
starting thin film and the substrate. 

10 [0021] In the process for producing a crystalline thin film of the present invention, the spatial location of at least a 
part of crystal grains with a continuous crystal structure is controlled by controlling the spatial location of the regions 
different in the states in the starting thin film. 

[0022] A second embodiment of the present invention is a crystalline thin film, produced by the process for producing 

a crystalline thin film as described above. 
'5 [0023] A third embodiment of the present invention is an element employing the crystalline thin film of the present 

invention; preferably the spatial location of at least a part of the crystal grains with a continuous crystal structure is 

controlled by controlling the spatial location of the regions different in the states in the starting thin film, and the crystal 

grains having the controlled location are employed as active regions; and more preferably the active region is formed 

inside the one single crystal grain in the crystalline thin film. 
20 [0024] A fourth embodiment of the present invention is a circuit constituted of the above elements of the present 

invention. A fifth embodiment of the present invention is a device employing the element or the circuit of the present 

invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

25 

[0025] 

Figs. 1A, 1B, 1C, 1D, 1E, 1F, 1G and 1H show a first basic embodiment of a crystalline thin film and a production 

process of the present invention. 
30 Figs. 2A, 23, 2C, 2D, 2E, 2F, 2G and 2H show a second basic embodiment of a crystalline thin film and a production 

process of the present invention. 

Figs. 3A, 3B, 3C, 3D, 3E, 3F, 3G 

process of the present invention. 

Figs. 4A, 4B, 4C, 4D, 4E, 4F, 4G 
35 process of the present invention. 

Figs. 5A, 5B, 5C, 5D, 5E, 5F, 5G 

process of the present invention. 

Figs. 6A, 6B, 6C, 6D, 6E, 6F, 6G 

process of the present invention. 
40 Figs. 7A, 7B, 7C, 7D, 7E, 7F f 7G 

process of the present invention. 

Figs. 8A, 8B, 8C, 8D, 8E, 8F, 8G 

process of the present invention. 

Figs. 9A, 9B, 9C, 9D, 9E, 9F, 9G 
45 process of the present invention. 

Fig. 10 shows a first basic embodiment of the element of the present invention. 

Fig. 11 shows a second basic embodiment of the element of the present invention. 

Fig. 12 shows another embodiment of the element of the present invention. 

Fig. 13 shows another embodiment of the element of the present invention. 
so Fig. 14 shows an embodiment of the circuit of the present invention. 

Fig. 15 shows an embodiment of the device of the present invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

55 [0026] A first problem to be solved by the present invention is precise control of location of crystal grain formation 
in melting resolidification of thin films. In conventional methods as described above, the location is controlled by pref- 
erential resolidification by causing thermal distribution in the molten thin film. Such a method might be promising if the 
temperature distribution in the thin film could be precisely controlled spatially with time, since formation and growth of 




and 3H show another embodiment of a crystalline thin film and a production 
and 4H show another embodiment of a crystalline thin film and a production 
and 5H show another embodiment of a crystalline thin film and a production 
and 6H show another embodiment of a crystalline thin film and a production 
and 7H show another embodiment of a crystalline thin film and a production 
and 8H show another embodiment of a crystalline thin film and a production 
and 9H show another embodiment of a crystalline thin film and a production 
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the crystal grain during and after the melting depend greatly on the temperature of the thin film. However, the conduction 
of heat in the thin film is considerably or significantly rapid before and after the melting, so that a steep temperature 
gradient cannot readily be localized within desired limited regions even during a short period of melting-resolidification 
S/JJS^SL?/"!! " ° f two - dimensional the rmal analysis [Gupta. Song, and Im, Mat.Res.Soc.Symp.Proc' 
397,465 (1996)]. Further, in short-time annealing by short-wavelength light source like excimer laser, the formation of 
a prescribed temperature distribution throughout the process of crystal grain formation is impossible inherently, since 
£t?™ e S 9 ■ res ° l,dl, ' cation varies also in thickness direction as is evident from the aforementioned simu- 

S o R innm, * tk yS ' S T / eSUlt ° f the in ' SitU ob8ervatton l Hata "°. Moo", Lee, and Grigoropoulos, J.Appl.Phys., 
IL VmS * " ? ' nV f rS ° f the Pr6Sent inVen,i0n have noticed ,hat the above facts oauses the difficulty in the 
control of the location of one-crystal grain formation or the control of the number density of formed crystal grains The 
inventors of the present invention, after comprehensive investigation, have found a novel method which is completely 
different from the conventional methods based on the thermal distribution. 

[0027] The present invention is characterized in that the starting thin film to be treated for melting and resolidification 
has regions different in state. The present invention is characterized also in that the starting thin film to be treated for 
metting and reso d.fication has a small region which is different in a state from a surrounding region, and a prescribed 
number of crystal grains or crystalline clusters are preferentially grown in the small regions 
[0028] The presence of the regions different in the state in the present invention affects the melting-resolidification 
For explaining the effects, firstly a dynamic aspect of the melting-resolidification process is described, which is being 
elucidated in recent years. a 

20 S ??! J . 1^ f r m ^ i0n , 0f ! he c,ysta " ine thin film °y melti "9 and resolidification is initiated with the melting by heating 
ciSiT? "I 6 CBSe Wh6re the thin ,,,m immediate| V bef ore the melting has an inhomogeneous structure 

constituted of, for example, a polycrystalline matter and an amorphous matter containing crystalline clusters, the melting 
point is nonuniform ,n the thin film depending on the components of the thin film. Generally, the melting point of the 

25 " ^ ? 9 T ° r C,ySta,line C ' USter ^ the meWn9 point of ,hei ' surface < T s>. and fhe melt ng 

knl to L in'th f° n * ?* ^ jaCent 9rainS ™ and thG mertin9 P° int of the a ^rpho S us region (T A ) are 

isT , T mn9 Tc > Ts 10 Tb * Ta - the C3Se Wh6re the thin ,ilm ""mediately before the me ting 

tJZZ 1 T . S ? C . components ' the variations of the m olting process are classified and summarized as shown in 

JSfm^l'r^nT ? Ti™" 1 temperature ™ for the molting, the heating rate (dT/dt), the duration time 
of the maximum temperature, and the constitution of the starting thin film. 



10 



15 



35 



40 



45 



SO 



55 



onerw-\r»ir\. -co 



6 



EP 1 262 578 A1 



Table 1 



Maximum 


Heating rate dT/ 


Duration of 


Constitution of starting thin film 




Temperature T M 


dt 


maximum 












temperature 














Polycrystal 


Amorphous 


Amorphous 








composed of 


matter 


matter 








crystal grains or 


containing 


containing 








crystalline 


crystal grains or 


neither crystal 








clusters 


crystalline 


grain nor 










clusters 


crystalline 












cluster 


• fvK 1 C 




>0 


Entire film melts instantaneously. 




«» Rapid 




At temperature 


At temperature 


At temperature 








exceeding T B , 


exceeding T A , 


exceeding T A 








melting begins 


melting begins 


melting begins 








at grain 


at amorphous 


locally. Finally 








boundary, and 


region. At 


entire thin film 








the melting 


temperature 


melts. 








spreads from 


exceeding T s , 










surface of 


crystal grain or 










crystal grain or 


crystalline 










crystalline 


cluster begins to 










cluster. Finally 


melt at the 










entire thin film 


surface. Finally 










melts. 


entire thin film 












melts. 






<oo Slow 






At temperature 


At temoerature 










below T A , crystal 


below T A , 










grain or 


spontaneous 










crystalline 


nucleation 










cluster grows in 


occurs locally at 










solid phase and 


high rate and 










in amorphous 


high density. At 










region, 


temperature 


* 








spontaneous 


exceeding T B 










nucleation 


melting begins 










occurs at high 


at grain 










rate and high 


boundary, and 










density. At 


melting spread 










temperature 


from surface of 










exceeding T B 


crystal grain. 










melting begins 


Finally entire 










at grain 


thin film melt. 










boundary, and 












melting spread 












from surface of . 












crystal grain. 












Finally entire 












thin film melts. 
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10 



15 



Maximum 
Temperature T M 



Table 2 



Heating rate 
cfT/dt 



20 



25 



30 



Duration of 

maximum 

temperature 



T C >T M >T B 



Short 



35 



40 



Constitution of starting thin film 



Polycrystal 
composed of 
crystal grains or 
crystalline 
clusters 



Amorphous 

matter 

containing 

crystal grains or 

crystalline 

clusters 



L °ng | Grain boundary 
melts 

instantaneously. 
Crystal grain or 
crystalline 
cluster becomes 
smaller in size by 
surface melting. 



Grain boundary 
melts 

instantaneously. 

Surface of 

crystal grain orof 

crystalline 

clustermelts.but 

hardly becomes 
smaller in size. 
Polycrystal 
composed of 
crystal grains or 
crystalline 
clusters 



Amorphous 
region melts 
instantaneously. 
Crystal grain or 
crystalline 
cluster becomes 
smaller in size by 
surface melting. 



Amorphous 
region melts 
instantaneously. 
Surface of 
crystal grain orof 
crystalline 
clustermelts.but 
hardly becomes 
smaller in size. 

Amorphous 

matter 

containing 

crystal grains or 

crystalline 

clusters 



Amorphous 

matter 

containing 

neither crystal 

grain nor 

crystalline 

cluster 



Entire thin film 
melts 

instantaneously. 



Amorphous 

matter 

containing 

neither crystal 

grain nor 

crystalline 

cluster 
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50 
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Table 2 (continued) 





Maximum 


Heating rate 


Duration of 


Constitution of starting thin film 






Temperature T M 


dT/dt W 


maximum 








5 






temperature 
















Polycrystal 


Amorphous 


Amorphous 










composed of 


matter 


maner 










crystal grains or 


containing 


containing 










crystalline 


crystal grains or 


neither crystal 


10 








clusters 


crystalline 
clusters 


grain nor 

crystalline 

cluster 




T C >T M >T B 


Rapid 


Long 


At temperature 


At temperature 


At temperature 


15 








exceeding Tg, 


exceeding T A , 


exceeding T A , 








melting begins at 
grain boundary. 
Crystal grain or 
crystalline 


melting begins at 
amorphous 
region. At 
temperature 


melting begins 
locally. Finally 
entire thin film 
melts. 


20 








cluster becomes 


exceeding T s , 










smaller in size by 
surface melting. 


crystal grain or 
crystalline 
cluster becomes 
smaller in size 




25 










owing to melting 












of surface. 










Short 


At temperature 
exceeding T B , 
melting begins at 


At temperature 
exceeding T A , 
melting begins at 




30 








grain boundary. 
Crystal grain or 
crystalline 
cluster melts at 
the surface, but 


amorphous 
region. At 
temperature 
exceeding T s , 
crystal grain or 




35 








hardly becomes 
smaller in size. 


crystalline 
cluster melts at 
the surface, but 
hardly becomes 
smaller in size. 





40 



45 



50 



55 
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Maximum 
Temperature 



10 



15 



20 



25 



Table 3 



Heating rate 
dT/dt 



Duration of 

maximum 

temperature 



Constitution of starting thin film 



Polycrystalcomposed 
of crystal grains or 
crystalline clusters 



Amorphous 


Amorohou<5 


matter 


matter 


containing 


containing 


crystal grains 


neither rrv^tal 


or crystalline 


orpin nor 

yi nil 1 1 1 \J \ 


clusters 


crystalline 




fill JQtAr 


At temperature 


At temperature 


below T A , 


below T A , 


crystal grain or 


spontaneous 


crystalline 


nucleation 


cluster grows in 


occurs locally at 


solid phase 


high rate and 


and in 


high density. At 


amorphous 


temperature 


region, 


exceeding T B 


spontaneous 


melting begins at 


nucleation 


boundary, and 


occurs at high 


crystal grain or 


rate and high 


crystalline 


density. At 


cluster becomes 


temperature 


smaller in size 


exceeding T B 


remarkably. 


melting begins 




at grain 




boundary, and 




crystal grain 




becomes 




smaller in size 




remarkably. 




Amorphous 


Amorphous 


matter 


matter 


containing 


containing 


crystal grains 


neither crystal 


or crystalline 


grain nor 


clusters 


crystalline 




cluster 



T c>T M >T B 



0<oo Slow 



Long 



30 



35 



40 



45 



At temperature 
exceeding T B , melting 
begins at grain 
boundary. Crystal 
grain or crystalline 
cluster becomes 
smaller in size by 
surface melting. 



polycrystal composed 
of crystal grains or 
crystalline clusters 



50 



55 
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Table 3 (continued) 



Maximum 


Heating rate 


Duration of 


Constitution of starting thin film 




Temperature 


a I /at 


maximum 








Tn 




temoerature 














Polycrystalcomposed 


Amorphous 


Amorphous 








of crystal grains or 


matter 


matter 








crystalline clusters 


containing 


containing 










crystal grains 


neither crystal 










or crystalline 


grain nor 










clusters 


crystalline 












cluster 




0<oo Slow 


Short 


At temoerature 


At temoerature 


At temperature 








exceeding Tq, melting 


below Ta 


below T A> 








beains at arain 


crvstal arain or 


spontaneous 








boundarv Crvstal 


crystalline 


nucleation 








grain or crystalline 


clusterarow^ in 

\s lU O Iv 1 W 1 w WO 111 


occurs locally at 








cluster melts at 


solid nhase 

wvHU 1 luww 


highrateandhigh 










and in 


density. At 








becomes smaller in 


amorohous 

01 i iv/ 1 ui ik/uo 


temperature 








CI7D 


I tfy lUll, 


exceeding T B , 










OUUI 1 LCI 1 ICVUO 


melting begins at 










nucleation 


grain boundary, 










UL»L u ( o al lliyil 


but crystal grain 










rata n n M hiifitt 

raie dnu niyn 


or crystalline 










density. At 


cluster hardly 










temperature 


becomes 










exceeding T B , 


smaller in size. 










melting begins 












at grain 












boundary, but 












crystal grain 












size hardly 












becomes 












smaller in size. 
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Maximum I Heating rate 

Temperature T M dT/dt 



Table 4 



Duration of 

maximum 

temperature 



10 



15 



T s>T M >T A 



>0 



<°° Rapid 



20 



25 



30 



35 



<«> Midium 



40 



45 



Constitution of starting thin film 



Poiycrystal 
composed of 
crystal grains 
crystalline 
clusters 



or 



No melting 



Poiycrystal 
composed of 
crystal grains or 
crystalline 
clusters 



Amorphous 

matter 

containing 

crystal grains or 

crystalline 

clusters 



Amorphous 
matter containing 
neither crystal 
grain nor 
crystalline cluster 



Amorphous 
region only melts 
instantaneously. 



At temperature 
exceeding T A , 
amorphous layer 
only melts. 



Entire of thin film 
melts 

instantaneously. 



At temperature 
exceeding T A , 
entire thin film 
melts. 



At temperature 
below T A , crystal 
grain or 
crystalline 
cluster grows in 
solid phase and 
in amorphous 
region, 
spontaneous 
nucleation 
occurs at high 
rate and high 
density. At 
temperature 
exceeding T A , i 
remaining 
amorphous 
region only 
melts. 

Amorphous 
matter 
containing 
crystal grains or 
crystalline 
clusters 



At temperature 
below T A> 
spontaneous 
nucleation occurs 
at high rate and 

high density. At 

temperature 

exceeding T A , 

remaining 

amorphous 

region only melts. 



Amorphous 
matter containing 
neither crystal 
grain nor 
crystalline cluster 



50 



55 
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Table 4 (continued) 



Maximum 


Heating rate 


Duration of 


Constitution of starting thin film 




Temnerature T»* 


cTT/dt 


maximum 

1 1 1 QAM 1 1 Ul 1 1 












temperature 














Polycrystal 


Amorphous 


Amorphous 








composed of 


matter 


matter containing 








crystal grains or 


containing 


neither crystal 








crystalline 


crystal grains or 


grain nor 








clusters 


crystalline 


crystalline cluster 










clusters 




T S >T M >T A 


<oo Slow 


>0 


Mn moltinn 


At torn no rati i ro 
ni Left ipci ctLUi c 


At temperature 










ho low T - orvQtal 


below T At 










orsaio or 

yiairi or 


spontaneous 










rrv^tallino 
yo icii ii i ic 


nucleation occurs 










cluster a rows in 

^ILJOld Ul WTO 111 


at high rate and 










sona pnase anu 


high density to 










in arnorpnous 


cause 












crystallization of 










sponianeous 


entire thin film. 










ni joloatinn 

I ) uwica Li \j i i 


Thereafter no 










occurs at high 


melting occurs 










rate and high 


even at 










density to cause 


temperature 










crystallization of 


exceeding T A . 










entire thin film. 












Thereafter no 












melting occurs 












even at 












temperature 












exceeding T A . 





[0030] In annealing by a short-wavelength light source such as an excimer laser, the laser light penetrates to a small 
35 depth into the thin film to heat only the portion of the film near the surface, and the underlying portion of the film is 
heated by heat conduction from the surface portion. Therefore, the transition process in the film depth direction is 
included in the classification of the dynamic aspect of the melting process shown in Tables 1 to 4. That is, the melting 
begins near the surface and propagates toward the interface between the film and the underlying substrate. The state 
of the melting at the respective depth follows Tables 1 to 4. 
40 [0031] Among the melting processes summarized in Tables 1 to 4, the systems in which none of the portion of the 
thin film is melted are excluded from the consideration in the present invention since such systems are not the objects 
of the present invention. Therefore, the melting states are roughly classified into the states of (1) complete melting 
states in which the entire thin film is in a molten phase, and (2) incomplete melting states in which crystalline solid 
regions are dispersed in the molten phase, regardless of the variations of the maximum temperature, the heating rate, 
45 the maximum temperature duration time, and the constitution of the starting thin film. Next, the resolidification process 
will be discussed, where the thin film in either of the above two states of melting is cooled after completion of the heating. 
[0032] For initiating the solidification of a thin film in a complete melting state, a crystalline nucleus should be spon- 
taneously formed in the molten phase. According to a classical nucleation theory, the number of crystalline nuclei 
produced in a unit time in a unit volume in the molten phase, namely the nucleation rate (J) is a function of the free- 
so energy barrier (W*) to the crystalline nucleus formation and the absolute temperature (T) of the system as Ja exp(- 
WVkT). The free-energy barrier (W*) to the crystallite nucleation is a function of the melting point (T c ) of the crystal 
bulk and the supercooling (AT=T-T C ) as W* a T C /AT, whereby J increases multiple-exponentially with decrease of T. 
Therefore, the nucleation does not occur immediately after the temperature becomes lower than the melting point T c , 
keeping the molten state. After a certain time when the temperature has become sufficiently lower, the nucleation 
55 occurs spontaneously and explosively to cause rapid solidification. The supercooling to cause observable spontaneous 
nucleation and the final crystal grain concentration depend on the cooling rate dT/dt and the free-energy barrier W. to 
the crystalline nucleus formation. The latter depends not only on the supercooling but also on the state of the starting 
material. 
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[0033] On the other hand, in a thin film in an incomplete meltina state the ii„,,M „k „ • , 
simultaneouslywiththestartofthecooling from seed crvsta LTwh^hhLl!'J '' qu,d -P hase e P' taXfal growth begins 
clusters remaining unmelted in the molten SfZ^. " d,s P ersed crystal grains orcrystalline 

ing in the molten matrix gro J preceded ^nd when hi I?' "Tf Cfys,al 9rains or C( V stal,ine clusters remain- 
are formed spontaneous^ and^K^ «»» *? 
concentration of the crystal grains or crystalline clusters remain i„?l „ °' ed 9 r adualfy, or wh en the 
thereof is sufficiently large, L entire ^^JZZ^*£%^* " ,he S ~ 
crystalline clusters. On the other hand when the thin film i S ■ 1 9 ^" ° f the remain,n 9 crystal grains or 
grains or the crystalline clusters reTaininaln the USlJli ° ^ ° f Whe " the concentration of the crystal 
small, most of 7he regions in ^r^n be SSZS ?* *** *T " 
cause spontaneous explosive nucleation before sianfficantl^hT.hl 9 y Increas,n 9 the supercooling to 
Accordingly, the final number concen tfio of th«Sf. « 9 IT remain,n 9 cr V stel grains or crystalline clusters, 
rate dT/dt and size dlJoSn^.^^l^^ 8 -^ 1"' the *• diStribUtion thereof de P end ° n the cooling 
Further, the latter depends as show ^n^T^^,^^"* C ' USterS r6mainin9 the molten matrix 
maximum temperature T M the heaZa rate d^/dt !„h * J > tem P erature conditions of the thin film such as the 
of the starting thin film -^S'^aS^fiTltZT? temperatUre dUration - and < 2 > s «* a condition 
thin film which is described by the sle disWbution o n ,1 tureassocia,edwithtna crysta.linity of the starting 
dusters, and (2-2) the thermo^^ ° f the Cr * stal 9 rains ». crystalline 
Phase crystallization before the meltina o the Snino thiJ t0 thS C,ySta " ite nuc,eati °" * «>lld- 
and crystalline clusters the toWm St of the Zl^ ! ' , T " 9 P ° im Tc ° f bulk re 9 ion in the crystal grains 

tTniur s » p ;r^ 

volume, f(g), as a function of g. V ° 9 " S ' Zed Crystal 9rains or crystalline clusters in a unit 

are different. * <9) ^ C °' nClde f ° r any 9 " the entire size space region (g>0). Otherwise, they 

ST. l^iX^l^^ T ,he 9 a '" ^ructure of the polycrystalline thin film 

-fication, and the States of theT^ a ; d coding for resolid- 
state of complete melting or incomplete meltina fI tZ H [ T f . thermod y namic properties, regardless of the 
Ration, the abovetJperat^ 

above. After comprehensive consideration th* in„»nto J^, ,7, ' IS COn,ro1 ls not easv as mentioned 

sibility of control 5 the location of c^S^ h t «" f ° reSeen reas °" a °'y the pos- 

the means for solving the problem in the Pre^nt^vlZn^ t" , 9 1 Pat ' a ' StatS ° f the Starin9 ,hin film - T "at is, 

effects thereof are described by rlCeTSSs *' "** ° f S,arti " 9 thi " f " m S P atia,ly The 

Siontreof of 2 ^^^Z TtoT^TZ ^T^* "* »" - "» " * 

drawings are schematic sectional views o7 a fraction 2 th* h f f . " " IUStrate develo P ed embodiments. The 
the interface. The thin film may be mZtlci^Z^rt T ^ 3 P er P«ndicular to the surface or 

invention. «n Figs. fAto 1Hth^ 

Figs. fAto 1 H through 9A to 'grated without showing the additional .ayer. .n 

3, a starting thin fi.m?4, application ^^^fSS^SiSS^' 1 ' I T?" re9i ° n; * SUrr ° Und ' n9 re9i ° n; 

grains or crystalline clusters are allowed to remlin unmXri at th T" 8 ' 3 P rescribed °' crystal 

acterized preferentially therein. As show i F TlZ Ra 2a LZT "T^ * char- 

coexist with surrounding regions 2 in contact wi h each othfr !1hT . 9 \"* ^ Starting thin fi,m 3 to 

rr^ n ro: 9iBor ^^^ 

completely meL without he ^2 " S ^crysS duS" Sma " r69i ° nS 1 S " SUrr ° Undin9 r69ions 2 are 
1 and surrounding regions 2 are made S^LuS!S25 , ^ "'^ U " mel,ed - ° tnewise . small regions 
merted in the final stage JX^^S^^^ ^ 1 a " d SUrr0undin 9 re 9ion 2 are completely 
g melting (Fig. 2C), but nucleat.on occurs preferentially in small regions 1 for formation 
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of a crystal grain or a crystalline cluster 5 in the cooling-solidification process (Fig. 2D) because the free-energy barrier 
to crystallite nucleation in small region 1 is lower than that in surrounding region 2. 

[0040] After the heating-melting of the starting thin film having small region 1 and surrounding region 2 different in 
the state, during the resolidification, the crystal growth proceeds from the crystal grain or the crystalline cluster 5 which 

5 works as the seed crystal to solidify the adjacent molten-state thin film, and to form crystal grain 6 (Figs. 1 E and 2E). 
[0041 ] Thereafter, crystal grain 6 grows beyond small region 1 by solidifying successively adjacent surrounding region 
2 (Fig. 1 F and 2F). However, the growth of crystal grain 6 is not endless. In molten region 7 where the solidification is 
not characterized by crystal grain 6, at a certain supercooling, crystal grains or crystalline clusters 8 are formed spon- 
taneously and explosively at random (Figs. 1 G and2G), Crystal grain 6 having grown into surrounding region 2 impinges 

10 upon the crystal grains or crystalline clusters which are not location-controlled, and grain boundaries 9 are formed 
between them (Figs. 1H and 2H). Consequently, a crystalline thin film is formed by melting-resolidification with crystal 
grain 6 at the controlled location in small region 1 . 

[0042] In the case where small region 1 is incompletely melted as shown in Figs. 1A to 1H, the number of crystal 
grains or crystalline clusters 5 to remain in small region 1 in the incomplete melting can be controlled precisely by the 
15 size distribution of number concentration of crystal grains or crystalline clusters contained before the melting, the 
volume of small region 1, or the conditions of application of energy 4 for the heating-melting. 

[0043] In the case where small region 1 and surrounding region 2 are both completely melted, the number of crystal 
grains or crystalline clusters 5 formed preferentially in small region 1 depends only on the free-energy barrier to nu- 
cleation of crystallite W*, which can be controlled precisely by the state of small region 1 and the temperature at 
20 solidification. 

[0044] In the both cases of the incomplete melting of small region 1 and the complete melting of small region 1 , the 
number of crystal grain 6 in small region 1 is not limited to one, but two or more may be grown as shown in Figs. 3A 
to 3H for the incomplete melting of small region 1 . 

[0045] In Figs. 1 A to 1H, Figs. 2A to 2H, and Figs. 3A to 3H, small region 1 for defining the location of formation of 
25 crystal grain 6 is provided as a single domain surrounded by surrounding region 2. However, the embodiment is not 
limited thereto, and small regions 1 may be provided in plurality, discontinuously or scatteredly in the present invention. 
[0046] Figs. 4A to 4H, Figs. 5A to 5H and Figs. 6A to 6H show other embodiments in which small region 1 is incom- 
pletely melted, corresponding to embodiment of Figs. 1A to 1H. In the case where adjacent small regions 1 are far 
apart from each other (Fig. 4A), fine crystal grains or crystalline clusters 8 are formed spontaneously and explosively 
30 at random between crystal grains formed at the positions of the respective small regions 1 (Fig. 4H). However, in the 
case where the distance between the adjacent small regions 1 is short enough (Fig. 5A), crystal grains having grown 
therefrom come to collide together at around the midpoint between them to form grain boundary 9 before the sponta- 
neous explosive formation of crystal grains or crystalline clusters 8 (Fig. 5H). 

[0047] With small regions 1 arranged throughout the thin film with the maximum distance less than the aforemen- 
55 tioned distance (Fig. 6A), the entire thin film can be constituted of locationally controlled crystal grains 6 (Fig. 6H). With 
small regions 1 arranged at regular intervals, the thin film can be formed with locationally controlled crystal grains 6 in 
nearly the same sizes. 

[0048] In examples shown in Figs. 4A to 4H, Figs. 5A to 5H, and Fig. 6A to 6H, small regions 1 are incompletely 
melted. However, a similar process can be employed in the cases where small regions 1 are completely melted as 
^0 shown in Figs. 2A to 2H. 

[0049] In the embodiments shown in Figs. 1 A to 1 H through Figs. 6A to 6H, small regions 1 and surrounding regions 

2 are arranged two-dimensionally in the plane direction of starting thin film 3. In the present invention, a three-dimen- 
sional configuration may be employed in which the regions are arranged also in the thickness direction of starting thin 
film 3. For example, as shown in Figs. 7A to 7H, small regions 1 are formed in the half thickness portion of the thin 

45 film, and are surrounded from the upper side and peripheral side by surrounding regions 2, whereby similar melting- 
resolidification can be conducted. In Figs. 7A to 7H, small regions 1 arranged at short intervals as in Figs. 6A to 6H 
are melted incompletely. Three-dimensional arrangements of small regions 1 are also possible In the constitutions as 
shown in Figs. 1 A to 1H to Figs. 5A to 5H or in the cases where small regions 1 are completely melted. Furthermore, 
the three dimensional configuration of small regions 1 is not limited to those shown in Figs. 7A to 7H but includes 

so various variations. 

[0050] In the embodiments shown in Figs. 1 A to 1 H through Figs. 7A to 7H, the spreading area of starting thin film 

3 in the plane direction is far greater than the size of small regions 1 or crystal grains 6, or than the intervals between 
small regions 1 . However, the area and the size or the intervals may be made comparable in size. For example, in 
Figs. 8A to 8H, with starting thin film 3 in a size shown in the drawing, when small region 1 is formed to be surrounded 

55 by surrounding regions 2 (Fig. 8A) and melting-resolidification is conducted to cause incomplete melting of small region 
1 , the resulting resolidified thin film has crystal grain 6 surrounded by crystal grains or crystalline clusters 8 formed by 
spontaneous random nucleation not controlled locationally (Fig. 8H). In Figs. 9A to 9H, with starting thin film 3 smaller 
in size in plane direction (Fig. 9A), crystal grain 6 grows throughout the entire of starting thin film 3, before explosive 
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[0056] Figs. 10 to 13 show embodiments of the element of the present invention which employ the crystalline thin 
film formed by the above described melting-resolidification process. Figs. 10 to 13 show partial cross section of the 
thin film cut in a direction perpendicular to the surface or the interface thereof similarly as Figs. 1 A to 1 H through Figs. 
9A to 9H. In Figs. 10 to 13, crystal grain or crystalline cluster 8 formed by random spontaneous nucleation as shown 
5 in Figs. 1 A to 1H through Figs. 5A to 5H or Figs. 8A to 8H is omitted and only the locationally controlled crystal grain 
6 is shown, and substrate 1 00 for supporting the thin film is shown as necessary. 

[0057] In the crystalline thin film of the present invention, the position of crystal grain 6 is determined by the position 
of small region 1 , and the size thereof is predetermined. Therefore, in forming the element employing crystal grain as 
the active region, the active region employing crystal grain 6 is readily related to the position of crystal grain 6. For 
10 example as shown in Fig. 10, active smalt region 10 of the element can be confined to the inside of crystal grain 6. 
Thereby the performance of the element is improved and variation thereof among the elements is decreased since no 
grain boundary is included in active small region 10 of the element. 

[0058] In the crystalline thin film prepared by the process for providing plural small regions 1 as shown in Figs. 5A 
to 5H through 7A to 7H, active small region 10 can be provided in the region containing desired number of crystal 
is grains 6 as shown in Fig. 11. In this case also, the number of crystal grains 6 or the density of the grain boundary 
included in active small region 10 of the element can be controlled, since the positions of the small regions 1 are 
predetermined. Thereby, the variation between the elements can be reduced. 

[0059] Active small region 10 of the element shown in Figs. 10 or 11 is formed by providing suitable input-output 
terminals onto crystal grain 6. According to the kind of the element, the input-output terminals are in any positions of 
20 the upper face, lower face, and peripheral face of the thin film comprising crystal grain 6. The input-output terminal 
may be in contact with crystal grain 6 or apart therefrom depending on the type of the signals inputted to or outputted 
from the active region of the element. 

[0060] Figs . 12 and 13 show examples of MOS type thin transistors (TFT) provided on a crystalline thin film consti- 
tuted of a semiconductor material. In the drawings, the numerals indicate the parts as follows: 11 , a gate insulation 

25 film; 12, a gate electrode; 13, a source electrode; 14, a drain electrode; and 100, a substrate. 

[0061] The element shown in Fig. 12 is a MOS type TFT employing single crystal grain 6 formed isolatedly on sub- 
strate 100 through the process shown in Figs. 9A to 9H. On the surface of crystal grain 6, there are provided gate 
electrode 12 with interposition of gate insulation film 11 , source electrode 13, and drain electrode 14. In the regions of 
crystal grain 6 under the electrodes, are formed respectively a channel region, a source region, and a drain region by 

30 controlling the conductivity type. This element can give high performance since the entire element is formed inside 
single crystal grain 6 without grain boundary. By forming plural elements on one and the same substrate 1 00 as shown 
in Fig. 12, the variation of the performances among the elements can be decreased. In the example shown in Fig. 13, 
a crystalline thin film is formed by a process shown in Figs. 1 A to 1H or Figs. 2A to 2H, a gate region only is formed 
on the portion of single crystal grain 6, and a source region and a drain region are formed on a portion of the thin film 

35 adjacent to crystal grain 6 and containing crystal grains or crystalline clusters 8 not locationally controlled. In such a 
MOS type TFT, the element performance depends mainly on the electric charge transfer in channel region as the active 
region. Therefore, the plural elements shown in Fig. 13 give high performance with less performance variation among 
the elements. 

[0062] In the example shown in Figs. 12 and 13, the active region of the element does not contain grain boundary. 

40 However, the crystalline thin film having grain boundary 9 controlled locationally, that are obtained by the process of 
any of Fig. 3A to 3H, Figs. 5A to 5H to Figs, 7A to 7H, can contain crystalline grain boundary 9 in the active region of 
the element. The element having grain boundary 9 in the active region may be inferior in the absolute value of the 
performance, but the variation among the elements can be decreased by controlling the density of the grain boundaries. 
[0063] Fig. 1 4 shows an example of the circuit of the present invention which is constituted by employing the elements 

^5 of the present invention as shown above. In the drawing, the numerals indicate the parts as follows: 15, a gate wiring 
electrode of a first TFT; 1 6, a gate wiring electrode of a second TFT; and 1 7, an insulating layer. This circuit has, as a 
part, two MOS-type TFT comprising respectively single crystal grain 6 grown from small region 1 as the growth center 
as shown in Fig. 12 on one substrate 100. Drain electrode 14 of the f irst TFT controlled by gate electrode 12 is connected 
through a wiring to gate electrode 16 of the second TFT, and the electrodes and the wiring are insulated from each 

so other by insulating layer 17. Thus, the second TFT controlled by gate electrode 16 is controlled by the drain voltage 
of the first TFT. In such a circuit, the element performances of the first TFT and the second TFT should be controlled 
precisely. The circuit of this example not containing grain boundary in the active region will satisfy the above conditions. 
[0064] Fig. 1 5 shows an example of the image displaying device of the present invention which comprises the circuit 
of the present invention. In the drawing, the numerals indicate the parts as follows: 1 8, an electrode; 1 9, a light-emitting 

55 layer or a light-transmission control layer; and 20, an upper electrode. This device comprises, as a part, two connected 
TFTs like that shown in Fig. 1 4. The drain electrode of the second TFT is connected to electrode 1 8 at the upper position 
of the element. On electrode 1 8, light-emitting layer or light-transmission control layer 1 9 is provided, and further thereon 
upper electrode 20 is provided. The voltage applied to light-emitting layer or light-transmission control layer 19 or the 
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irradiated thin film under the aforementioned melting-resolidification conditions, the energy beam-irradiated thin film 
was confirmed to be melted completely, whereas the non-irradiated thin film was confirmed to be melted incompletely, 
and the former was melted at a temperature lower than the latter. 

[0077] As described above, in this Example, the starting thin film was an amorphous thin film containing crystalline 
5 clusters, and the size distribution of number concentration of crystalline clusters was different between the regions in 
the amorphous base material of the starting thin film. Thereby, in the melting-resolidification of the starting thin film, 
the size distribution of number concentration of the remaining unmelted clusters was different between the regions to 
form a crystalline thin film constituted of crystal grains controlled in spatial location. 

10 [Example 3] 

[0078] A third crystalline silicon thin film formed by the process shown in Figs. 1 A to 1 H is described as Example 3 
of the present invention. 

[0079] A polycrystalline silicon thin film was formed in a thickness of 80 nm by vapor deposition on a substrate having 
15 an amorphous surface composed of an inorganic silicon compound, as the starting thin film. The deposition of the 
starting film was conducted by a selective deposition means to obtain an average diameter of about 300 nm in a small 
region of about 2 \im square, and of about 100 nm in other region in the thin film plane. 

[0080] This starting thin film was irradiated with an XeC! excimer laser beam at an energy density of about 300 mJ/ 
cm 2 for 40 nsec for melting and resolidif ication to obtain a crystalline thin film. 
so [0081] The resulting crystalline thin film was examined regarding the crystal grain shape. Thereby it was found that 
single crystal grain had grown around the above small region of about 2 \im square as the center to a grain size of 
about 3 nm diameter. The surrounding portion was filled randomly with various sizes of fine crystal grains of an average 
diameter of about 100 nm. 

[0082] In the starting thin film of this Example, in the small region of about 2 nm square, the average value of the 
25 size distribution of number concentration of crystal grains or crystalline clusters is higher than in the other regions. This 
difference in the size distribution of number concentration of crystal grains makes difference in the state among the 
continuously placed regions to form "small region 1" of about 2 \ixr\ square as shown in Figs. 1A to 1H. By in-situ 
observation of the melting-resolidification process of the polycrystalline silicon thin films of an average diameter of 
about 1 00 nm and of an average diameter of about 300 nm under the aforementioned melting-resolidification conditions, 
30 the former was confirmed to be completely melted, whereas the latter was confirmed to be incompletely melted. 

[0083] As described above, in this Example, the starting thin film was a polycrystalline thin film containing crystal 
grains or crystalline clusters, and the size distribution of number concentration of crystalline clusters was different 
between the regions. Thereby, in the meltingrresolidif ication of the starting thin film, the size distribution of number 
concentration of the remaining unmelted crystal grains or crystalline clusters was different between the regions to form 
35 a crystalline thin film constituted of crystal grains controlled in spatial location. 



[0084] A fourth crystalline silicon thin film formed by the process shown in Figs. 1 A to 1 H is described as Example 

40 4 of the present invention. 

[0085] A polycrystalline silicon thin film was f ormed in a thickness of 80 nm by vapor deposition on a substrate having 
an amorphous surface composed of an inorganic silicon compound. Then, this polycrystalline silicon thin film was 
irradiated with an energy beam from the surface side excluding locally a small region of about 0.7 ujn diameter to make 
amorphous in the same manner as in Example 2. This was employed as the starting thin film. 

45 [0086] This starting thin film was irradiated with an XeCI excimer laser beam at an energy density of about 250 mJ/ 
cm 2 for 40 nsec for melting and resolidif ication to obtain a crystalline thin film. 

[0087] The resulting crystalline thin film was examined regarding the crystal grain shape. Thereby it was found that 
a single crystal grain had grown around the above small region of about 0.7 jim diameter as the center to a size of 
about 2 \im diameter. The surrounding portion was filled randomly with various sizes of fine crystal grains of an average 

50 diameter of about 60 nm. 

[0088] In the starting thin film of this Example, the small region of about 0.7 ujti diameter was polycrystalline, and 
the other region was amorphous. This difference makes the difference in the states among the continuously placed 
regions to form "small region 1" of about 0.7 ^m diameter shown in Figs. 1Ato 1H. By in-situ observation of the melting- 
resolidification process of the amorphous silicon thin film and the polycrystalline silicon thin film, the former was con- 

55 firmed to be completely melted, whereas the latter was confirmed to be incompletely melted. The former was melted 
at a temperature lower than the latter. 

[0089] As described above, in this Example, the crystalline thin film has an amorphous region and a polycrystalline 
region, and the crystallinity was different between the regions. Thereby, in the melting-resolidification of the starting 
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between the reg.ons to form a crystalline thin film constituted of crystal grains controlled in spatial location. 
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[0102] As described above, in this Example, the starting thin film is an amorphous thin film, and the state of the 
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interface between the thin film and the substrate is changed between the regions. Therefore, in melting-resolidification 
of the starting thin film, the height of free-energy barrier to crystallite nucleation in the solid phase crystallization before 
the melting varies with the region. Thereby, the size distribution of number concentration of the remaining unmelted 
crystal grains or crystalline clusters varies with the region to form a crystalline thin film constituted of crystal grains 
controlled in spatial location. 



[Example 7] 

[01 03] A seventh crystalline silicon thin film formed by the process shown in Figs. 1 A to 1 H is described as Example 
io 7 of the present invention. 

[01 04] An amorphous silicon thin film was formed in a thickness of 1 00 nm by vapor deposition on a substrate having 
an amorphous surface composed of silicon oxide. Then this thin film was doped with tin locally in a small region of 
about 1 jim square. This was employed as the starting thin film. 

[0105] This starting thin film was irradiated with an Ar+ laser beam at an energy density of about 500 mJ/cm 2 for 10 

15 sec for melting and resolidification to obtain a crystalline thin film. 

[0106] The resulting crystalline thin film was examined regarding the crystal grain shape. Thereby it was found that 
a single crystal grain had grown around the above small region of about 1 um square as the center to a grain size of 
about 2.5 um diameter. The surrounding portion was filled randomly with various sizes of fine crystal grains of an 
average diameter of about 40 nm. 

20 [01 07] In the starting thin film of this Example, the concentration of impurity tin is different at the small region of about 
1 um square from that in the other region. This difference differentiates the states between the continuously placed 
regions to form "small region 1 w of about 1 um square shown in Figs. 1 A to 1H. The impurity like tin lowers the free- 
energy barrier to nucleation of crystallite in the solid-phase crystallization of the amorphous silicon thin film. As the 
result, in the solid-phase crystallization before the melting of the starting thin film, the crystal nucleus is formed in the 

25 solid phase preferentially in the small region of about 1 jam square, and the crystal grain grows to the outside of the 
small region. Thereafter, with temperature rise of the thin film, at the region other than the small region, fine crystal 
grains are formed at a high nucleation rate. In the process of melting, the large crystal grains formed in the solid-phase 
crystallization in the small region of about 1 .2 um square is melted incompletely, whereas the fine crystal grains having 
formed in a high density outside the small region are completely melted. 

30 [0108] As described above, in this Example, the starting thin film is an amorphous thin film containing an impurity, 
and the concentration of the impurity is changed between the regions. Therefore, in the solid-phase crystallization 
before the melting in the melting-resolidification process of the starting thin film, the height of free-energy barrier to 
crystallite nucleation varies with the region. Thereby, the size distribution of number concentration of the remaining 
unmelted crystal grains or crystalline clusters varies with the region to form a crystalline thin film constituted of crystal 

35 grains controlled in spatial location. 



[Example 8] 

[0109] A crystalline silicon-germanium thin film formed by the process shown in Figs. 1 A to 1H is described as Ex- 

40 ample 8 of the present invention. 

[0110] An amorphous silicon-germanium thin film of a stoichiometric elemental composition was formed in a thick- 
ness of 100 nm by vapor deposition on a substrate having an amorphous surface composed of an inorganic silicon 
compound. To this thin film, germanium was added locally to a small region of about 2 um diameter on the amorphous 
silicon-germanium thin film. This was employed as the starting thin film. 

45 [0111] This starting thin film was irradiated with an Ar+ laser beam at an energy density of about 400 mJ/cm 2 for 5 
sec for melting-resolidification. The resulting resolidified thin film was examined regarding the crystal grain shape. 
Thereby it was found that a single crystal grain had grown around the above small region of about 2 um diameter as 
the center to a size of about 4 um diameter. The surrounding portion was filled randomly with various sizes of fine 
crystal grains of an average diameter of about 100 nm. 

50 [0112] In the starting thin film of this Example, the elemental composition ratio in the small region of about 2 um 
diameter was different from that in the other portion. This difference causes the difference in the states between the 
continuously placed regions to form "small region 1 " of about 2 um diameter shown in Figs. 1 A to 1 H . The free-energy 
barrier to nucleation of crystallite in the solid-phase crystallization of the amorphous silicon-germanium thin film varies 
with the elemental composition ratio of silicon to germanium, reaching the maximum near the stoichiometric ratio. As 

55 the result, in the solid-phase crystallization before the melting of the starting thin film, the crystal nucleus is formed in 
the solid phase preferentially in the small region of about 2 um diameter, and the crystal grain grows to the outside of 
the small region. Thereafter, with temperature rise of the thin film, at the region outside the small region, fine crystal 
grains are formed at a high nucleation rate. In the process of melting, the large crystal grains formed in the solid-phase 
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Ihe region. Thereby, ,h. size dletrtbutlon J, numSooJoSSSS^ »f tb. ™ 0,V8,a " ,e ""a"*" 10 '' «*> 

[Example 9] 
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ESL ZSSZST"*"" """ '°'™ d * "» — * ^ 1A to 1H is described., Ex , mpK 
[0116] This starting thin film was irradiated with a YAG la«>r h„ am . 

sec for me|ting and resolidifjcatjon tQ obtajn J^JS STflET " denS ' ty ° f ab ° Ut 250 for 10 

-surface in the sma„ reg ion of about 1 
continuously placed regions to form ''small regto " 7^11^^ differentiatas the states between the 
of metal atoms like palladium and nickel on the thin »n surface owersZtl W " 'l^ 1 A to 1 H ' Tha Sorption 
n the solid-phase crystallization of the amorphous J^£ZS^££Z^ nM °" ° f C » e 

the melting of the starting thin film, the crystal nucleus is foZd i *Z h S °" d -P has * crystallization before 
about 1 H m diameter, and the crystal grain grows to the ouS if h! S °" d 1I phase P^rentlally in the small region of 
of the thin film, in the region outside the sm^g.on fin fTJZ^l'T 0 ^^ W ' th ta "Wt»™ rise 
process of melting, the large crystal grains formed? "the soHd ItZ fre formed at a high nucleation rate. In the 
diameter is melted incompletely whe'reas theTegtn ^^^TSS^o ?! Sma " regi ° n ° f ab ° Ut 1 * m 
grains, is completely melted. ma " reg,on ' instituted of high density fine crystal 

Of .he starting lhln „ lm , lhe heW „, ffJZ^SrS^SSS.' eTS" 8 ™'« W»«»n pmee.e 
stze dletnbutidn of number concentration of the remaWno ,tSI2S WW with the region. Thereby, the 

.he region to fom, ac W a,„„e,h,„ — — - 

40 [Example 1 0] 

oMhZ^e„ n „o 9 „ enman,,m "* """ fo "~ d * - — H R» « to ,H * described as E,.mp,e ,„ 

htn film was formed l„ . IMms , °, , 0 „ m Z^Z™Z%ZT J?" °" M ™ 
the earting ,„,„ „, m . Thls sla „, ,„,„ Sta Wa /Sat*d w«n S 2 OT , dlam ««' ™» was employed as 

be»»aen the con.innousiy pinned reg Lf l0 fZ^^^^"^ ««»™««- «^ "2 

adsorptioe of matal afoms like indium on the thin Z auSl.™ ^ " m " meK ' rt0 " n ' * &> 1 H. Th. 
tn the solid-phase cry sl a,llz.,l»„ of tb. amo.pho" .^SS^TS! iZ'*" 8 ' 9 . '° nUCtea,lon »' 
— fha ma,m 9 e, rhe stadlng m, I orysLTdsTZ ^^^^211^5 
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region of about 2 jim diameter, and the crystal grain grows to the outside of the small region. Thereafter, with temper- 
ature rise of the thin film, in the region other than the small region, fine crystal grains are formed at a high nucleatlon 
rate. In the process of melting, the large crystal grains formed in the solid-phase crystallization at the small region of 
about 2 jim diameter is melted incompletely, whereas the region outside the small region, constituted of fine crystal 

5 grains in a high density is completely melted. 

[0124] As described above, in this Example, the starting thin film was an amorphous thin film having an adsorbate 
in a limited region. Therefore, in the solid-phase crystallization before the melting in the melting-resolidification process 
of the starting thin film, the height of free-energy barrier to crystallite nucleation varies with the region. Thereby, the 
size distribution of number concentration of the remaining unmelted crystal grains or crystalline clusters varies with 

10 the region to form a crystalline thin film constituted of crystal grains controlled in spatial location. 

[Example 11] 

[0125] A crystalline silicon thin film formed by the process shown in Figs. 2A to 2H is described as Example 11 of 
is the present invention. 

[01 26] An amorphous silicon thin film was formed in a thickness of 1 00 nm by vapor deposition on a substrate having 
an amorphous surface composed of silicon oxide. Then this thin film was doped with tin locally in small regions of about 
2 urn square. This was employed as the starting thin film. 

[0127] This starting thin film was irradiated with an KrF excimer laser beam at an energy density of about 400 mJ/ 
20 cm 2 for 40 nsec for melting and resolidification to obtain a crystalline thin film. Under the above conditions, the entire 
thin film was completely melted. 

[0128] The resulting crystalline thin film was examined regarding the crystal grain shape. Thereby it was found that 
a single crystal grain had grown respectively around the above small regions of about 2 jim square as the center to a 
grain size of about 4 u.m diameter. The surrounding portion was filled randomly with various sizes of fine crystal grains 

25 of an average diameter of about 30 nm. 

[0129] In the starting thin film of this Example, the concentration of impurity in the small region of about 2 urn square 
is different from that in the other region. This difference causes the difference in the states between the continuously 
placed regions to form "small region 1" of about 2 um square shown in Fig. 1 A. The impurity like tin lowers also the 
free-energy barrier to nucleation of crystallite in the molten silicon thin film, similarly as the effect in the solid-phase 

30 crystallization of the amorphous silicon thin film. As the result, in the resolidification process after complete melting of 
the starting thin film, the crystal nuclei are .formed in the molten silicon preferentially in the small regions of about 2 u,m 
square, and the crystal grains grow to the outside of the small regions. 

[0130] As described above, in this Example, the starting thin film is an amorphous thin film containing an impurity, 
and the concentration of the impurity is changed between the regions. Therefore, in the melting-resolidification process 
35 of the starting thin film, the height of free-energy barrier to crystallite nucleation from the molten matrix varies with the 
region to form a crystalline thin film constituted of crystal grains controlled in spatial location. 

[Example 12] 

40 [0131] A crystalline silicon-germanium thin film formed by the process shown in Figs. 2A to 2H is described as Ex- 
ample 12 of the present invention. 

[0132] An amorphous silicon-germanium thin film of a stoichiometric elemental composition was formed in a thick- 
ness of 100 nm by vapor deposition on a substrate having an amorphous surface composed of an inorganic silicon 
compound in the same manner as in Example 8. To this thin film, silicon was added locally to small regions of about 
45 2 jim diameter on the amorphous silicon-germanium thin film. This was employed as the starting thin film. 

[0133] This starting thin film was irradiated with an XeCI excimer laser beam at an energy density of about 350 mJ/ 
cm 2 for 40 nsec for melting-resolidification to obtain a crystalline thin film. Under the above conditions, the entire thin 
film was completely melted. 

[0134] The resulting crystalline thin film was examined regarding the crystal grain shape. Thereby it was found that 
50 a single crystal grain had grown respectively around the above small regions of about 2 ujn diameter as the center to 
a size of about 4 u,m diameter. The surrounding portion was filled randomly with various sizes of fine crystal grains of 
an average diameter of about 60 nm. 

[0135] In the starting thin film of this Example, the elemental composition ratio in the small region of about 2 urn 
diameter was different from that in the other portion. This difference causes the difference in the states of the contin- 
55 uously placed regions to form "small region 1" of about 2 u.m diameter shown in Fig. 2A. The free-energy barrier to 
nucleation of crystallite in the solidification of the molten silicon-germanium thin film varies with the elemental compo- 
sition ratio of silicon to germanium, reaching the maximum near the stoichiometric ratio, as well as nucleation in the 
solid-phase crystallization. As the result, the crystal nuclei are formed, in the resolidification process after the complete 
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the height of frae-anargy bar™, ,o c^M, , "Sa.LTfrom T. es °'' d * c ™°" *<«••• of Ih. staffing ,„,„ 
[Example 13] 

E^^EEE Si,iC ° n ^ film f ° rmed " ^ P — Sh0 - 3A to 3H is described as Example 1 3 of 

-Z^^ - same manner as in Exampte 1 t0 obtain 

[0139] The obtained crystalline thin film waTob^l , !, ? 8r96r SiZe t0 about 1 5 ^ m ^meter. 
film. It was found that two single ^ ^^2^ ? th ° ^ ^ CMi ^ *• thin 
region of about 1.5 R m diameter, and the^url"^^ the sma.l 

grams of an average diameter of about 50 nm randomly with various sizes of fine crystal 

-iXS^^^ ab ° Ut I 5 »™ in T to increase the possibly of 

to the volume increase 2 "small ^VSiS^^," me ' ting pr ° C6SS of the »" proporL 
diameter. 9 ' nereby p,ural c, V stal 9ra.ns grew in the small region of about 15 ^m 

at -amal, t.glon can ba conducted ST 2 to,? ^ Tf" ^ 9 ' 8 '" s 9'° wl "'> 

by tha volume of -small ,aglon I ■ but also by the coraiZnon of L 12 , "*° "° C ° n <" ,c,e <' 

enetgy b.fd.t ,o c,s«e _ , n J^, 

[Example 14) 

SiMCOn thi " fl,m f0rmed » *° shown in Figs. 4A to 4H is described as Example 14 of 

shape of the crysta, grains constituting the 
regions of about 1 H m diameter, and the surTouSg ^£^^^*T r ^ ec ^ « the two small 
crystal grains was filled randomly with various ^?«K2iI2? 9 ? 9 '° n ° f ab0Ut 8 » m in lenat h between the 
[0145] The spatial location of the c^^!^^ ™ aver ^ dia ™ter of about 50 nm. 

the same manner as in Example 1. ^nZZZ^^*™*? 5 ™™ thin film in ™* Example is controlled in 
can be conducted similarly also in Examples 2 io i 2 9 ' C ° n Pr ° Ce$S em P |o V in 9 P'ural "small region 1 - 



[Example 15] 



SK Si,iC ° n fi ' m ^ ^ ^ Pr0C6SS Sh ° W " in 5A to 5H is described as Example 1 5 of 
f^Theobtainedcr^ 

thin film produced by melting-resolidification It was found that VlXl " fthe f?' s al9rainSCOnstitutin 9thecrystalline 
respectively in the two small regions of about urn dTlLTLd Z 17 , ^ " ab ° Ut 2 diamete ' 8«w 
each other at the growth fronts to form a gra „ £1221% s^unT^T * be in COntact witn 

sizes of fine crysta. grains of an average dL^^2St M „m * 9 " °" With various 

"small region 1 ■ can be conducted E£?£ in SS^ST^t °! i" CrVSta ' ^ 9r ° Wi " 9 in 

re,ons 1 ■ provided at a short distance as £ this Exam le^ ^3^122^ 
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[Example 1 6] 

[0149] A crystalline silicon thin film formed by the process shown in Figs. 6A to 6H is described as Example 16 of 
the present invention. 

5 [0150] A starting thin film was prepared, and was melted and resolidified in the same manner as in Example 14 to 
obtain a crystalline silicon thin film except that the same "small regions 1" of about 1 u.m diameter as in Fig. 1 A were 
formed in plurality periodically at intervals of 2 ujti in a square lattice pattern. 

[0151] The obtained crystalline thin film was observed regarding the shape of the crystal grains constituting the 
crystalline thin film. It was found that a single crystal grain had grown respectively in an average diameter of about 2 
io ujti at the lattice points of the square lattice of 2 um intervals, and the crystal grains came to be in contact with each 
other at the growth fronts to form grain boundaries. The thin film were filled with the locationally controlled crystal grains 
without formation of a random fine crystal grain region. 

[0152] The spatial location of the crystal grains constituting the crystalline thin film in this Example is controlled in 
the same manner as in Example 1 . The melting-resolidification by employing plural "small regions 1" can be conducted 
is similarly also in Examples 2 to 1 2. 

[Example 17] 

[0153] A crystalline silicon thin film formed by the process shown in Figs. 7A to 7H is described as Example 17 of 
20 the present invention. 

[01 54] A polycrystaliine silicon thin film was formed in a thickness of 1 0 nm by vapor deposition on a substrate having 
an amorphous surface composed of silicon oxide. Then this polycrystaliine thin film was removed by leaving small 
regions of about 1 \xm diameter at lattice points of a square lattice of 2 u/n spacings. Further thereon, an amorphous 
silicon thin film was formed in a thickness of 1 00 nm by vapor deposition. This was employed as the starting thin film. 
25 in this Example, the "small regions 1" are the small regions of polycrystaliine thin film of about 1 \im diameter and 10 
nm thick arranged at the lattice points of square lattice of 2 jim spacings covered with the flat amorphous silicon thin film. 
[0155] This starting thin film was irradiated with an KrF excimer laser beam at an energy density of about 310 mJ/ 
cm 2 for 30 nsec for melting and resolidification to obtain a crystalline thin film. 

[01 56] The resulting crystalline thin film was examined regarding the shape of the constituting crystal grains. Thereby 
30 it was found that a single crystal grain of about 2 urn in average diameter had grown at the respective lattice points of 
the square lattice of 2 jxm spacings, and the crystal grains came to be in contact with each other at the growth fronts 
to form a grain boundary. The thin film were filled with the locationally controlled crystal grains without formation of a 
random fine crystal grain region. 

[0157] As described above, in this Example, the starting thin film has polycrystaliine regions and amorphous region. 
35 Therefore, in the melting-resolidification process of the starting thin film, the size distribution of number concentration 
of the remaining unmelted crystal grains or crystalline clusters varies with the regions to form a crystalline thin film 
constituted of crystal grains controlled in spatial location. 

[0158] The melting-resolidification by employing three-dimensional "small regions 1" can be applied similarly to the 
crystalline thin films of Examples 2 to 12. 

40 

[Example 18] 

[0159] A crystalline silicon thin film formed by the process shown in Figs. 8A to 8H is described as Example 18 of 
the present invention. 

45 [0160] A starting thin film which was the same as the one in Example 1 was formed on a substrate having an amor- 
phous surface composed of silicon oxide. Then a most part of this polycrystaliine thin film was removed by retaining 
a small region of about 10 \im diameter including a small region of about 1 urn diameter corresponding to "small region 
1" in Fig. 1. This was employed as the starting thin film in this Example. 

[0161] This starting thin film was irradiated with an KrF excimer laser beam at an energy density of about 240 mJ/ 

50 cm 2 for 30 nsec for melting and resolidification to obtain a crystalline thin film. 

[0162] The resulting crystalline thin film was examined regarding the shape of the constituting crystal grains. Thereby 
it was found that a single crystal grain of about 3 \im diameter had grown around the small region of about 1 fim 
diameter as the center. Except the portion of the single crystal grain having grown from the small region of about 1 \im 
diameter, the thin film of 10 jim diameter remaining on the substrate was filled randomly with various sizes of fine 

55 crystal grains of an average diameter of about 50 nm. 

[0163] The spatial location of the crystal grain constituting the crystalline thin film in this Example is controlled in the 
same manner as in Example 1 . The melting-resolidification process by utilizing a starting thin film formed on a limited 
area of the substrate as in this Example can be applied similarly to the crystalline thin films of Examples 2 to 1 7. 
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[Example 1 9] 

fh°lZemren!!on e ^ "' ,m ^ ^ ^ Sh ° W " ^ 9A * 9H * Scribed - Sample 19 of 

'5 [Example 20] 

^U™^^ * »» «* - ■ **• »e e,e m en, 

concern* circles c STlZlSJfJ Z E"T mm S<,Ua ™ " "a 00 « 2 ™> "> 

shape a™™, „ r e glo „ s « abou , „_ equ ' a( e d^rill "'^ ^ S,a ' S "" n ' i "~ ' "*"<" «* 

crystal grain corresponds to crvstal arain 6 anri th* mo™^~ ■ ^ regions 1 , the partial arc-shaped 

oleajion during so.idificaton from the molten matrix 0 To Zn tTi 

crystal grains controlled in spatial location Th* H*»i^ ^ i- 7 9 crystalline thin film constituted of 

«JLd c, e,e m e„ K „avC"^„ S^S^ES? "" P '° V ' n8 " C,V8,8 " lne * *" 

[Example 21] 

[0174] A crystalline superconductive thin film having a constitution shown in Fin 11 * n H a nr a »„ * ^ , 

XZ volt^^ ^ e,6ment ' maXim " m J ° Se > hson c ™' - *0 

employing a simp. ^SryLCe BaPb Bi o t2in n ^ CUrr6nt WaS 1,8 mV ' WhiCh Were P referred to "«» 
y P'epoiycrystallineBaPb 0 7 Bi 03 O 2 thin him as deposited. The variation of the properties of the plural 
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elements of the same shape and size were decreased by half in comparison with those employing a simple polycrys- 
talline BaPb 07 Bi 0 3 0 2 thin film as deposited. These advantages result from the facts that the grain boundary in the 10 
u.m square active region, namely the total length of the Josephson junction, is constant in any of the elements, and the 
serial-parallel connection of the crystal grains is constant owing to the junction positions arranged at the square lattice. 
5 Thus the effects of the crystalline thin film and the elements of the present invention are obvious. 

[0179] In this Example, the regions not irradiated with the energy beam forms small regions 1 in Fig. 11 , and the 10 
|im square island region corresponds to active small region 10. 

[0180] As described above, in this Example, the starting crystalline thin film has amorphous regions and polycrys- 
talline regions. Therefore, in the melting-resolidification process of the starting thin film, the size distribution of number 
io concentration of the remaining unmelted crystal grains varies with the region to form a crystalline thin film constituted 
of crystal grains controlled in spatial location. The present Example also shows formation of an element employing the 
crystal grains having controlled spatial location. 

[Example 22] 

15 

[0181] A MOS type TFT having a construction shown in Fig. 12 is described as Example 22 of the present invention. 
[0182] A single silicon crystal grain of 4 u.m square was formed on a glass substrate having on the surface a silicon 
nitride film made of silicon oxide and oxide film thereon using the process described in Example 19. Thereon a gate 
insulation film made of silicon oxide and a gate electrode film were deposited using a conventional low-temperature 

20 process for silicon thin film transistors fabrication. The gate electrode film layer was removed except the region of 1 
urn width at the central portion of the single crystal grain. The other portion was doped with boron by a self-alignment 
method employing the remaining gate electrode film as the mask to form a gate region, a source region, and a drain 
region. Thereby, the entire area of the gate region was included in the single crystal grain. Thereon, a passivation layer 
formed by the insulation film was deposited, and an openings were provided through the passivation layer on the 

25 respective regions. Finally, aluminum wiring layer was deposited and was patterned to form a gate electrode, source 
electrode and a drain electrode to obtain a MOS type TFT. 

[0183] From measurement of the electrical characteristics, the resulting MOS type TFT of the present invention 
showed more than twice higher mobility than the conventional elements formed by the same process in the same 
element shape on a random polycrystalline thin film without "small range 1". As to the variation of the characteristics, 
30 the variation of the mobility was reduced by half , and that of the threshold voltage was lowered by a factor of about 1/4. 
[0184] In this Example, the spatial location of the crystal grain constituting the crystalline thin film was controlled in 
the same manner as in Example 19. This Example shows a constitution of the element having an active region in a 
single crystal grain in a crystalline thin film. 

35 [Example 23] 

[0185] A MOS type TFT having a construction shown in Fig. 13 is described as Example 23 of the present invention. 
[0186] A crystalline thin film was obtained by melting-resolidification according to the process described in Example 
18 employing a starting rectangle thin film of 3 u.m x 10 u.m having a "small region 1" of about 1 u,m diameter. The 
40 resulting crystalline thin film had a single crystal grain of about 3 u,m long in the length direction of the rectangle at the 
center of the rectangle of 3 urn x 1 0 \xm, and the other region was filled with fine crystal grains of various sizes of an 
average diameter of about 50 nm. 

[0187] On the above crystalline thin film, a gate insulation film composed of silicon oxide and a gate electrode film 
were deposited using a conventional silicon TFT low-temperature formation process, and the gate electrode film layer 

45 was partly removed except the portion of 1 \xm wide including "small region 1" in the center of the single crystal grain 
of about 3 nm long in the breadth direction kept unremoved. The other portion was doped with boron by a self-alignment 
method employing the remaining gate electrode film as the mask to form a gate region, a source region, and a drain 
region. Thereby, the entire area of the gate region was included in the single crystal grain of about 3 u.m long in the 
length direction of the entire area, whereas the source region and the drain region spread over a part of the single 

so crystal grain of about 3 u,m long in the length direction and the fine crystalline region of the average diameter of about 
50 nm. Thereon, a passivation layer of the insulation film was deposited. An opening was provided on each of the 
regions through the passivation layer. The openings on the source region and the drain region were limited to extend 
about 3 u,m from the end of the length direction of the rectangular crystalline thin film. Finally, aluminum wiring layer 
was deposited and was patterned to form a gate electrode, a source electrode and a drain electrode to obtain a MOS 

55 type TFT. thereby the source electrode and the drain electrode were connected only to the fine crystal grain region of 
average diameter of about 50 nm. 

[0188] From measurement of the electrical characteristics, the resulting MOS type TFT of the present invention 
showed more than twice higher mobility than the conventional elements formed by the same process and the same 
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element shape on a random polycrystalline thin film without "small rage 1". As to the variation of the characteristics 
of Z II T^Mnc? Wa x S Jl edUCed by half ' and tna < °< the threshold voltage was lowered 
eLme , p , M ~ ^ ^ ° f thiS EXamp ' e had ,he Pe*™* characteristics comparable with that oHhe 
element of Example 22, even though the element is not entirely included in the single crystal grain. This means thai 

mUTTST 35 tf 6 r69i0n WhiCH C ° ntr0lS perfomiance is f °™ d inside7he single crys al grai 
[Example 24] 

Eon'" 1 int69ra,ed drCUit haVi " 9 3 COnstruction shown in Fi 9- 14 * described as Example 24 of the present 

K 9 Ji*2° e ' ementS °' , M ° S tyPe TFTS Sh ° Wn in EXample 22 Were ,ormed ° n ° ne and tha same substrate and 
6um ThPri T fT?? 8S f0 " 0WS - The tW ° 6lementS Were placed ad j acent, y at a center-to-center distance of 
!rT dra ' n ^ ectrode of the firet TET was connected to the gate electrode of the second TFT This gate eSode 

^IITh T C ° nneCt6d thr ° U9h 8 C ° ndenSer 6lement t0 the source Strode of the iameT^V^Z 

laoLTnf 1 S °h ^ SUPP ' ied t0 S6C0nd TFT S0UrCe throu 9 h ,he drain * controlled by the condense; 

capacty of the condenser element, whereas the storage capacity of the condenser element and the S witch°na of the 
storage are controlled by the gate voltage of the first TFT. This circuit is app.icable, for instance to a SuTfor oiLel 
switching and current control of active matrix type display device instance, to a circuit for pixel 

\Vr!!?l By measurement of the basic characteristics, the circuit formed in this Example was compared with a circuit 

^at^nTX POtyCn,St f ne thi " ,i,m f ° rmed by the Same pr0C6SS in the same °'™« shape'b TnoT havin'the 
ST 1 ° th , e Pr6S ! nt ' nventi0n ' As the results - tt was con «™d that the circuit can be operated faster more 

ou a ou^H f tK h 6r 'V he ° Peratable SWitChin9 frequency ran 9 e ' and that the controllable range of the cuTrem 

ances of the Tit f 'f * "T ~° 0nd TFT " en ' arged by 3 fector of about 2 " The «* the peZn 

ances of the same circuits formed in plurality decreased by about half. This means that the variation among the f^t 
TFTs and among the second TFTs and the relative property between the first TFT and second TFT Jn o^e drcutt aS 
small in comparison with the compared circuit e c,rcuit are 

ZZ^nS^^^S. ,0Cati ° n ° f ^ 9rain C ° nStitUti " 9 the CrySta " ine thi " « ,m was « led " 
[Example 25] 

35 Eon^ ^ ' ma9e ^ & COnStruction shown in Fi 9- 1 5 is described as Example 2 of the present 

KI?«f lnXe9 T?l drCUftS described in Exam P' a 24 were formed as the elementary circuits at points of square 

f C,n9S ° f 1 J° T °" 8 9l9SS SUbStratS - Wiring WaS made as below to use the «n" cells in the squalTattS 
as pixels of an image display device. Firstly, a scanning line was provided for each one lattice in one axte *Z ton in 
the square lattice, and the gate electrodes were connected thereto. On the other hand, in tSSS^SSSZ 

lionn 9 T ! T" and 3 S ° UrCe ' ine W6re made ,or each lattice - a " d t" a ">« ^urce electrod and the 
secondsourceelectrodeofeachoftheelementswereconne^ 

onhTr^rf r n Iay r r was iaminated - openings were pr ° vided ,o bare tne **■ --cJSjsst^s 

-"»* WaS d ' — . laminated meta, electrode wis 

Finally an electroluminescence (EL) layer and an upper transparent electrode layer were laminated 

11 TJ ! 7T tyPe mu,ti '9 radation EL ima 9 e display device was constructed which conducts switching of the 
pixels and control of input current with the TFT integrated circuit described in Example 24 sw « c n«ng of the 

£1 !n !" ! hiS 'IT 896 diSP ' ay deViC8, by aCtUating the first TFT in correspondence with the voltage of the scannina 

^ St ° red in thS C ° ndenSer e ' ement f r0m the source line corresponding to the current c ^be input 

ni^H T '"Eh hS C ^ rent COntr0 " ed bV th6 S6C0nd TFT 9 ate volta 9* corresponding to the stored Charge is 
injected through the source line to the EL-emitting layer. r a »'« «""'ea cnarge is 

SIS f aracteristics of the ^ a 9e display device of this Example were measured. The image display 

device of this Example ^was compared with the one produced with a random polycrystallinethinfilmintheSprS 

r T ! Pr0Vid ' n9 " Sma " re9i0n 1 " ° f the Present invention As the rea ^ts, regardTng the sSric 
r S COnf ' rm ! d th8t ,he maXimUm bri9htneSS and the maximum co "^« were impmved b^ ^factor 
It"''' th6 gra '° n reproducib,e re 9 ion was enla '9ed by a factor of about 1 .5. and the pixel deficiency ratio and 
luminosrty vanat.on was reduced respectively by a factor of 1/3 and 1/2. Regarding the dynamic characteristics IX was 



10 



15 



20 



25 



30 



40 



45 



50 



55 



28 



EP 1 262 578 A1 

confirmed that the maximum frame rate was improved by a factor of about 2. All of the above improvements come 
from the improvements of the elementary circuit characteristics and decrease of the variations as mentioned in Example 
24, and from improvements in the characteristics of the thin film transistors constituting the element circuit and decrease 
of variation thereof. Therefore the effects are based on the formation of the active region of the thin transistor in single 
5 crystal grain. 

[0198] As described above in detail, in production of a crystalline thin film by melting-resolidification of a starting thin 
film, the present invention provides a method for readily controlling spatial location of crystal grains constituting the 
crystalline thin film by providing regions of different states coexisting continuously in the starting thin film. 
[0199] The present invention provides also, in production of a crystalline thin film by melting-resolidification of a 
10 starting thin film, a method for readily controlling spatial location of crystal grains constituting the crystalline thin film 
by providing a small region different in the state from the surrounding region in the starting thin film, and allowing growth 
of a prescribed number of crystal grains or crystalline clusters at the small region. 

[0200] In the present invention, the regions different in the state from each other can be formed in the starting thin 
film to control the location of the crystal grain in the crystalline thin film in the melting-resolidification process by any 

*5 of the methods below: formation of regions different in the size distribution of number concentration of crystal grains 
or crystalline clusters in the starting thin film; formation of regions in which the melting point is different in a bulk portion 
or surface of the crystal grains or crystalline clusters, grain boundary between adjacent grains or crystalline clusters, 
or the amorphous regions; formation of regions different in the size distribution of number concentration of crystal 
grains or crystalline clusters in the base material of the starting thin film; formation of regions different in the size 

20 distribution of number concentration of crystal grains constituting the polycrystalline thin film as the starting thin film; 
formation of an amorphous region and a polycrystalline region in the starting thin film; formation of regions different in 
the free-energy barrier to nucleation of crystallite in solidification from the molten phase in the melting-resolidification 
process; and formation of regions different in the free-energy barrier to nucleation of crystallite in solid-phase crystal- 
lization before melting of the amorphous starting thin film. Further in the present invention, the regions can be provided 

25 in the starting thin film by forming regions different in the element composition ratio, the impurity concentration con- 
tained, or surface adsorbate of the thin film, or different in the interfacial state between the thin film and the substrate. 
[0201] The present invention provides further a crystalline thin film produced by any of the above-mentioned proc- 
esses. The crystalline thin film of the present invention has improved performance characteristics with reduced variation 
thereof by relating spatially the controlled position of constituting crystal grain with a specified region of the element 

so or by forming a special region within a single crystal grain controlled locationally in comparison with conventional 
crystalline thin film constituted of random crystal grains. 

[0202] The circuit employing the aforementioned element of the present invention has improved static and dynamic 

characteristics with reduced variation thereof in comparison with conventional circuits employing a crystalline thin film 

constituted only of random crystal grains not locationally controlled. 
35 [0203] The device of the present invention employing the element or circuit of the present invention is improved in 

the operational characteristics by improved operational characteristics and reduced variation of the element or circuit. 

Thus the present invention provides a device of high performance which cannot be realized by conventional device 

employing a crystalline film constituted only of random crystal grains not controlled locationally. 

[0204] A process for producing a crystalline thin film is provided which comprises melting and resolidifying a starting 
to thin film having regions different in the state coexisting continuously. A small region of the starting thin film has a size 

distribution of number concentration of crystal grains or crystalline clusters different from that of the surrounding region. 

In the process of melting and resolidification, the crystal grain grows preferentially in the one region to control the 

location of the crystal grain in the crystalline thin film. 
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Claims 



A process for producing a crystalline thin film, comprising melting and resolidifying a starting thin film having regions 
different in a state thereof from each other coexisting continuously. 

2. A process for producing a crystalline thin film, comprising a step of melting and resolidifying a starting thin film, 
wherein the starting thin film has a small region different in a state from a surrounding region, and a prescribed 
number of crystal grains or crystalline clusters grow in the small region. 

55 3. The process for producing a crystalline thin film according to claim 2, wherein the prescribed number of crystal 
grains or crystalline clusters are nucleated in the small region. 

4. The process for producing a crystalline thin film according to claim 2, wherein the prescribed number of crystal 
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KKiS^ar , " ,,, **---«---''"»--*-«'" 

i. The process for producing a crystalline thin film according to claim 1 or 2 wherein the staninn thin «i m • 

~™=£i~ ======= 

. The process for producing a crystalline thin film according to claim 5 wherein the startinn thin film . • 

of the crysta, grains or crystalline clusters conEngt , SaX^T ""*" C °" Ce " M °" 
10. The process lot producing a cryslalline thin mm according to claim 5 therein the st.rtlnn thin rr. . 

.rrrrer^^ 

tt ™c^Z'« ""f^" 9 * " yS '*'"" e ' ilm aOCO,dln 9 '° <*" m " • «*"* ">0 height of free-energy bM- 

15. The process for producing a crystalline thin film according to claim 1 or 2 wherein at i^t a „„* ~* 

16. A crystalline thin film, produced by the process for producing a crystalline thin film set forth in claim 1 or 2. 

17. An element, employing the crystalline thin film set forth in claim 16. 

18 =!eo~ 

ainerent in the state in the starting thin film, and the crystal grains having the controlled location are employed as 
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active regions. 

19. The element according to claim 18, wherein the active region is formed inside the single crystal grain in the crys- 
talline thin film. 

5 

20. A circuit, employing the element set forth in claim 17. 

21. A device employing the element set forth in claim 17. 
10 22. A device employing the circuit set forth in claim 20. 
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